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1. Field of the Invention 

This invention relates generally to verifying rewritable optical disc media, and 
more particularly to verifying sectors of optical discs to check for defective sectors prior 
to storing data on the sectors of optical discs. 

2. Description of the Related Art 

Consumers are increasingly demanding storage media which have greater storage 
capabilities. In response to these demands, retailers have started manufacturing optical 
discs such as rewritable compact discs (CD-RW) that have increased storage capacity in 
comparison to other storage media. Optical discs store information on tracks that spiral 
around the center of the disk. The spiral contains sectors to which data is written and 
stored. When optical discs are purchased by consumers, certain defects may exist on the 
optical disc itself. These defects may be the culprit of mishandling during the 
manufacturing phase of the optical disc, drive to media compatibility, imperfection in the 
material of the optical disc itself or any other manufacturing error. The defects affect the 
storage capabilities of the optical disc in that certain sectors on the optical disc are not 
capable of storing information. 

For packet writing, data is commonly written to a disc onto one track. Groups of 
sectors are then written to the track. However, before the groups of sectors are written to 
the track, measures must be taken to verify the optical disc in order to determine what 
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sectors are defective to prevent writing to those sectors and potentially losing the data 
written to those defective sectors. 

In order to determine which sectors on a optical disc are defective, the optical disc 
is subjected to a verification process. Current types of verification processes write data to 
the optical disc and then reads are performed to the written sectors to determine if 
particular sectors on the optical disc are defective. In one example verification process, 
O's are written to the sectors and then reads are performed to determine if O's are read 
back. If O's aren't read back from a sector, the sector will be flagged and the file system 
of the optical disc will be updated to reflect that data should not be written to that 
particular sector. While this method ensures that data will not be written to defective 
sectors, the process is very time consuming. Using a 2x writing operation and a 6x 
reading operation, the verification operation can take anywhere from 50 to 90 minutes to 
complete. This amount of time makes optical discs and more particularly CR-RWs an 
unattractive option to those desiring to quickly store data to new discs. Due to the 
amount of time required to do verification, some software packages provide the option to 
skip verification altogether. 

Another method used for verifying sectors on optical discs involves only verifying 
a small group of sectors and then writing user data to the verified sectors. This is an 
alternative to verifying the entire disc before allowing user data to be written (i.e., as 
described above). While a next set of sectors are verified, user data is allowed to be 
written to the verified group of sectors. Of course, user data cannot be written to the 
entire optical disc, just areas that have been verified. Under this scheme, additional 
sectors are written to keep track of what sectors have been verified. Nonetheless, this 
process is also time consuming because a user must wait for the verification before user 
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data may be written to the disc. Also, extra storage capacity is occupied by the sectors 
that keep track of which sectors have been verified. This, as can be appreciated, uses up 
space that would otherwise be available for user data. 

In view of the foregoing, there is a need for a method to verify optical discs that is 
less time consuming than prior art methods. This verification method should also allow 
user data to be written immediately to an optical disc as the optical disc is being verified. 
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Summary of the Invention 

Broadly speaking, the present invention fills these needs by providing a method 
for verifying optical disc media with user created data. It should be appreciated that the 
present invention can be implemented in numerous ways, including as a process, an 
apparatus, a system, a device, or a method. Several inventive embodiments of the 
present invention are described below. 

In one embodiment, a method for verifying sectors on an optical disc is 
disclosed. The method includes writing user data to unverified sectors of the optical disc 
and verifying the unverified sectors of the optical disc. The unverified sectors are 
verified by reading the user data on the unverified sectors of the optical disc and 
comparing the user data read from the unverified sectors of the optical disc with user 
data stored on a system buffer. The user data read from the unverified sectors is 
compared with the user data on the system buffer to determine whether any one of the 
unverified sectors having the user data is defective. The verifying of the unverified 
sectors establishes verified sectors having user data. 

In another embodiment, a method for verifying media of an optical disc is 
disclosed. The method includes writing user data from a source to sectors of the optical 
disc and verifying the sectors containing the user data. The sectors containing the user 
data are verified by comparing the user data written to the optical disc to user data 
resident on the source. The sectors are verified to determine whether any of the sectors 
is defective. 

In still a further embodiment, a method for optical disc verification is disclosed. 
The method includes writing user data located on a system buffer to sectors of the 
optical disc. The sectors are then verified by reading the user data from the sectors on 
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the optical disc and comparing the user data read from the sectors of the optical disc with 
the user data stored on the system buffer. The verification is performed to determine if 
any of the sectors of the optical disc are defective. 

The many advantages of the present invention should be recognized. The present 
invention determines which sectors of an optical disc are defective by writing user data 
to the sectors. This greatly reduces the time to verify an optical disc and initially store 
data on a optical disc. This ensures that less data stored to an optical disc is lost since 
users are more likely to verify sectors prior to using the optical disc and less software is 
likely to skip the verification process due to the shorter verification times. 

Other aspects and advantages of the invention will become apparent from the 
following detailed description, taken in conjunction with the accompanying drawings, 
illustrating by way of example the principles of the invention. 
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Brief Description of the Drawings 

The present invention will be readily understood by the following detailed 
description in conjunction with the accompanying drawings, and like reference numerals 
designate like structural elements. 

Figure 1A is a flowchart showing a method for verifying sectors on an optical 
disc in accordance with one embodiment of the present invention. 

Figure IB is an embodiment of the present invention illustrating a method for 
verifying sectors of an optical disc. 

Figure 2A shows an optical disc with a sector set containing data written to the 
optical disc in accordance with one embodiment of the present invention. 

Figure 2B is an embodiment of the present invention illustrating an optical disc 
with user data written to the optical disc in a sector set after a verification operation has 
been performed on the optical disc. 

Figure 2C is another embodiment of the present invention showing a sparing 
operation on the optical disc. 

Figure 2D shows an optical disc with an additional sector set written to the 
optical disc, in accordance with one embodiment of the present invention. 

Figure 2E is an alternative embodiment of a sparing operation on an optical disc. 

Figure 2F shows an optical disc after sectors of a sector set have been shifted one 

sector. 

Figure 3A shows a bitmap in accordance with one embodiment of the present 
invention. 
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Figure 3B shows a bitmap after sectors of an optical disc have been verified in 
accordance with one embodiment of the present invention. 

Figure 4A is an embodiment of the present invention illustrating a verified 
optical disc. 

Figure 4B illustrates a verified optical disc in accordance with one embodiment 
of the present invention. 

Figure 5A illustrates a method for verifying sectors of an optical disc in 
accordance with one embodiment of the present invention. 

Figure 5B is an embodiment of the present invention showing a method for 
verifying sectors of an optical disc. 
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Detailed Description of the Preferred Embodiments 



An invention for a method of verifying sectors of optical discs with user data is 
disclosed. In the following description, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. It will be understood, 
however, to one skilled in the art, that the present invention may be practiced without 
some or all of these specific details. In other instances, well known process operations 
have not been described in detail in order not to unnecessarily obscure the present 
invention. 

As an overview, the present invention relates generally to verifying sectors of an 
optical disc, such as a CD-RW as information is being written to sectors of the disc. 
When a new optical disc is inserted into a drive for the first time, sectors are established 
in a spiral orientation around the optical disc which store data. An area for a file system 
is verified on sectors established on the optical disc and then the file system is written to 
the area. The file system contains data structures that are used to keep track of and 
address the sectors of the optical disc. That is, some of the data structures provide 
information as to the location of files written on the sectors of the optical disc. 

After the file system is established, the remaining sectors of the optical disc must 
be verified to determine which sectors, if any, are defective. If a sector is determined to 
be defective, the data written to that sector will be moved. However, if a sector is 
determined not to be defective, data written to that sector of the optical disc will remain 
written in that particular sector. Thus, the verification of the sectors is done using the 
data itself. 

Now making reference to Figure 1A, Figure 1A is a flowchart showing a method 
100 for verifying sectors on an optical disc. In operation 102, after an optical disc is 
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inserted into a drive (not shown), an initial verification is performed for a file system (FS) 
area 302 (see Figure 2A) and a bitmap area (BMA) 304 (see Figure 2A). In one 
embodiment of the present invention, the file system area 302 and the bitmap area 304 are 
written at the beginning of the optical disc 300. The file system area 302 is an area that 
contains a data structure for the sectors to be written to the optical disc. As will be 
described below, as a verification is performed, the file system will be updated to define 
which sectors are bad and which sectors actually contain user data. 

In one embodiment, the file system area 302 is verified by writing 0's to the 
sectors of the optical disc 300 that will eventually contain the file system area 302. The 
0's written to the sectors are then read back from the sectors. If the data read back are 
0's, this indicates that the sectors are suitable to store the file system. 

After the file system area 302 is verified, a verification is performed for the 
bitmap area 304. The bitmap area 304 contains bitmap 400 (see Figure 3A), the bitmap 
400 is used to keep track of what sectors of the optical disc 300 have been verified. The 
bitmap 400 is a group of bits that occupy a particular sector on the optical disc 300. In 
one embodiment, the bitmap 400 may be raw sectors on the optical disc 300 which 
require writing a pointer to the sectors occupied by the bitmap area 304. After the optical 
disc 300 is verified, the bitmap 400 is deleted. In a preferred embodiment, the bitmap 
400 may be a bitmap written as a file which is managed by the file system. As those 
skilled in the art will appreciate, the bitmap file does not require that a separate pointer be 
written to the optical disc 300. The file containing the bitmap 400 is hidden from user 
access and deleted when the verification of the optical disc 300 is complete. In both 
embodiments, after the bitmap 400 is deleted, the additional space created by the deletion 
of the bitmap 400 on the optical disc 300 is available for data storage. Furthermore, the 
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presence or absence of the bitmap file indicates the verification state of the disc. The 
bitmap area 304 is verified in the same manner as the file system area 302 using the same 
procedure previously described. After the file system area 302 and the bitmap area 304 
are verified, the method moves to operation 104. 

Referring back to Figure 1 A, the method 100 processes a selection of one or more 
files which are to be written to the optical disc 300 after the file system area 302 and the 
bitmap area 304 have been verified in operation 104. The files contain user data which 
will be stored on the optical disc 300 once the optical disc 300 is verified. The method 
100 reads the user data from another source, such as a host's storage medium or a 
peripheral device connected to the host which contains the user data, and transfers the 
user data to a system buffer in the system memory of the host. Once the method 100 has 
moved the files to the system buffer, the method proceeds to operation 106. 

In operation 106, the file system for the selected files is generated. The file 
system contains the data structures which specify the location of a file on a particular 
sector on the optical disc 300. It should be noted that the file system is rewritable, thus 
the file system may be updated as the user data residing on the system buffer is written to 
the optical disc 300, as will be discussed further with respect to operation 119. After the 
file system is generated in operation 106, the file system is written to the optical disc at 
the file system area 302 in operation 108. 

Once the file system is written in operation 108, data from the selected files stored 
on the system buffer is written to sectors on the optical disc 300 in operation 110. In one 
embodiment, data from the system buffer is written in sector sets that contain 32 sectors 
of information. Thus, no verification of the sectors is performed until 32 sectors of user 
data have been written. 
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An optical disc media verification is performed in operation 112. The optical disc 
media verification operation verifies that the sectors to which the user data in operation 
110 was written are acceptable for storing data (i.e., defect free). The verification first 
reads the user data written to the sectors of the optical disc 300 in operation 110. The 
user data read from the sectors is then compared with the user data stored on the system 
buffer of the host. If the user data read from the sector of the optical disc matches the 
user data stored on the system buffer, then that sector to which the data is written is 
acceptable for storing data. If the user data read from the sector does not match the data 
stored in the system buffer, then that sector is unacceptable for data storage. It should be 
noted that as the user data written to sectors of the optical disc 300 is verified in operation 
112, no other data is being written to the optical disc 300 from the system buffer of the 
host. After the optical disc media verification is complete in operation 112, the bitmap is 
updated to reflect which sectors on the optical disc 300 have been verified in operation 
1 14. This operation will be more fully discussed with reference to Figures 4A and 4B. 

After the bitmap is updated in operation 1 14, a determination is made in operation 
116 if an error was detected for the sectors verified in operation 112. As previously 
discussed with respect to operation 112, during the verification operation, the data read 
back from the sector is compared to the data stored on the system buffer. An error is 
detected in operation 116 if the data read back form the sector does not match the data 
stored on the system buffer of the host. If an error is not detected in operation 116, the 
method 100 moves to operation 120, as will be further discussed below. If an error is 
detected in operation 1 16, the method proceeds to operation 118. 

In operation 118, the data written to the sector in which an error was detected is 
written to another sector of the optical disc 300 during a sparing operation. In this 
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embodiment, the sparing operation rewrites the data written on the bad sector to the next 
available sector of the optical disc 300, as will be further discussed with reference to 
Figures 2B-2F. In accordance with one embodiment of the present invention, the sparing 
operation may rewrite an individual sector which was determined to contain an error in 
operation 116 to the next available sector, as will be more fully discussed with reference 
to Figures 2B-2D. Alternatively, in another embodiment, the sparing operation shifts the 
entire sector set over one sector such that each individual sector within the sector set 
occurring after the bad sector is rewritten to the next sector, as will be fully discussed 
with reference to Figures 2E and 2F. In a further embodiment of the present invention, 
the sparing operation writes the data written in the bad sector to a block of sectors on the 
optical disc 300 (not shown) specifically reserved for data writing during sparing 
operations. 

After the user data is written to a next available sector in operation 118, the 
method 100 moves to operation 119. In operation 119, the file system is updated to 
reflect the new sector location to which the data was written. If the data contained in the 
bad sector was written to the next available sector located on the disc 300 after the sector 
set being verified, then the file system is updated to reflect the change in location for the 
individual sector. If the entire sector set was shifted, then the file system is updated to 
reflect the new location of the shifted individual sectors within the sector set on the 
optical disc 300. 

Once the file system is updated in operation 119, the method 100 performs 
operation 120. In operation 120, it is determined if more sectors on the optical disc 300 
must be verified. If more sectors are to be verified (e.g., sectors 2-32), the method 100 
moves back to operation 112 and repeats operations 112-116, and if necessary, operations 
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118 and 119. If no other sectors are to be verified (e.g., all 32 sectors are verified), the 
method 100 moves to operation 122 in Figure IB. 

Figure IB is an embodiment of the present invention illustrating the method 100 
verifying sectors of an optical disc 300. In operation 122, the method determines if more 
sectors are to be written for selected files. If more user data is to be stored on the optical 
disc 300, the method 100 reverts back to the operation 110 and repeat operations 110 to 
122 until all the user data stored on the system buffer is written to the optical disc 300. 

After the method 100 writes all the information on the system buffer to the optical 
disc 300, the method 100 performs operation 124. In operation 124, the bitmap which 
tracks which sectors have been verified is deleted from the bitmap area 304. As 
previously mentioned, the sectors occupied by the bitmap and the bitmap area 304 are 
available to store additional data. Thus, the bitmap does not occupy additional space on 
the optical disc 300. Once the bitmap is deleted from the bitmap area 304 in the 
operation 124, the method 100 is complete and the optical disc 300 is verified. 

Figure 2A shows a portion of the optical disc 300 with a sector set 306a 
containing data written to the optical disc 300, in accordance with one embodiment of the 
present invention. Also shown is the file system area 302 and the bitmap area 304. As 
previously described, the sectors occupied by the file system area 302 and the bitmap area 
304 are verified and written to prior to writing the sector set 306a and other user data to 
the optical disc 300. As user data is written to the optical disc 300, the user data is 
written in sector sets such as sector set 306a. The sector set 306a includes 32 sectors 
306a-0 through 306a-n. Figure 2B shows the optical disc 300 with user data written to the 
optical disc 300 in sector set 306a after an initial verification operation has been 
performed on the optical disc 300, in accordance with one embodiment of the present 
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invention. The sector set 306a includes sectors 306a-0 to 306a-4 which represent user 
data written to the optical disc 300 as described in operation 110 of the method 100 in 
Figure 1. After the sector 306a- 1 is verified, the sector 306a-2 is verified (as noted by V) 
and an error in sector 306a-2 is found. The error was found by reading the user data 
written to sector 306a-2 and comparing the user data read back from the sector 306a-2 
with data written to the system buffer. Thus, during the comparison, it was found that the 
user data written to the sector 306a-2 did not match the user data stored on the system 
buffer. Accordingly, the user data originally written to the sector 306a- 2 is rewritten to 
the sector 306a-2\ as shown with respect to Figure 2B. It should be noted that the sector 
306a-2' is the next available sector after the sector set 306a. As those skilled in the art 
will appreciate, the operation of rewriting the user data contained in the sector 306a-2 to 
the sector 306a-2' is commonly referred to as a "sparing" operation. Once the user data 
contained in the sector 306a-2 is moved to the sector 306a-2\ the verification operation 
proceeds to verify the sectors 306a-3 through 306a-n. After the remaining sectors of the 
sector set 306a is verified, the sector 306a-2' is verified. When the user data written in 
sector 306a-2 is re- written to the sector 306a-2\ the file system is updated to reflect the 
new location of the user data on the sector 306a-2\ 

Figure 2C is another embodiment of the present invention showing a sparing 
operation on the optical disc 300. After the user data was written to the sector 306a-2' as 
described with respect to Figure 2B, the sectors 306a-3 through 306a-n are verified. In 
this embodiment, the sector 306a-4 is found to contain an error, thus a sparing operation 
is performed which moves the data contained in the sector 306a-4 to the sector 306a-4', 
which is the next available sector after the sector 306a-2\ As the data is re-written to the 
sector 306a-4\ the file system is updated to reflect the new location of the data contained 
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on the sector 306a-4\ The sector 306a-4' is verified after the sector 306a-2' is verified. 
During the verification operation, the sector 306a-4' was found to contain an error. As 
such, the data written in the sector 306a-4' is rewritten to the sector 306a-4". Again, the 
file system is updated to reflect the new location of the data contained on the sector 306a- 
5 4". The sector 306a-4" is verified after the data is rewritten to the sector 306a-4" since 
the sector 306a-4" is the next sector to be verified. 

Figure 2D shows the optical disc 300 with an additional sector set 306b written to 
the optical disc 300. After the sector set 306a is verified, the sector set 306b is written to 
y3 the optical disc 300. The sector set 306b is written at the next available sector after the 

10 sector 306a-4" on the optical disc 300. 

}S Figure 2E is an alternative embodiment of a sparing operation on the optical disc 

Ul 

g 300. During a verification operation, the sector 306a-2 is found to contain an error. In 

SJ this embodiment, the sectors following the sector 306a-2 are shifted over one sector to 

^ allow the data written on the sector 306a-2 to be moved to a sector adjacent the sector 

^ 15 306a-2 during a sparing operation. Thus, the sector 306a-2 moves to 306a-2\ which 

previously was 306a-3, and sector 306a-3 moves to sector 306a-3\ which previously was 

306a-4, as shown with reference to Figure 2F. 

Figure 2F shows the optical disc 300 after the sectors 306a-2 through 306a-n of 

the sector set 306a have been shifted over one sector. During the sparing operation to 
20 rewrite the data written on the sector 306a-2 to the sector 306a-2', the sectors 306a-3 

through 306a-n were moved to sectors 306a-3' through 306a-n\ Once the data is 

rewritten to the sector 306a-2\ the sector 306a-2' is verified to detect any errors on the 

sector 306a-2\ 
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Figure 3A shows a bitmap 400 in accordance with one embodiment of the present 
invention. The bitmap 400 tracks what sectors of the optical disc 300 have been verified. 
As sectors of the optical disc 300 are updated, the bits 400a through 400n of the bitmap 
400 are updated to reflect that the sectors of the optical disc have been verified. Each of 
the bits 400a through 400n are one bit and are in an initial state. In one embodiment, the 
bits 400a through 400n are initially written with 0's in the initial state, as shown with 
reference to Figure 3A. In one embodiment, each bits 400a through 400e corresponds to 
a sector on the optical disc 300. In this embodiment, as a sector in the optical disc 300 is 
verified, the bitmap is updated to an alternate state, such as a 1 , to reflect that the sector 
has been verified. In an alternative embodiment, each bit 400a through 400e corresponds 
to a sector set, or 32 sectors to be verified on the optical disc 300. In this embodiment, as 
sector set is verified, a bit on the bitmap is updated to reflect that the sector set has been 
verified. 

Figure 3B shows the bitmap 400 after sectors of the optical disc 300 have been 
verified. Once sectors of the optical disc 300 have been verified, the bits 400a through 
400n are changed from the initial state to the alternate state, such as from a 0 to a 1. In 
this embodiment, the sectors represented by the bits 400a through 400c have been 
verified. Thus, the values in the bits 400a through 400c are changed from 0's to l's. It 
should be noted that the bit value of the bits 400a through 400n are changed after the 
verification operation of the corresponding sector or sectors to that bit is complete, 
irrespective of whether or not an error was found in that particular sector or that particular 
set of sectors. 

Figure 4A illustrates a verified optical disc 300 in accordance with one 
embodiment of the present invention. The optical disc 300 is represented by sector sets 



ADAPP136/ASP/AJJ 



16 



Patent Application 



310 through 314. In this example, the sector sets can be any number of sectors. For 
instance, sector sets 310 and 314 can include one or more sets of 32 sectors. Sector set 
312 can include any number of sectors. The sector set 310 is verified with user data 
according to the method 100 as described with reference to Figures 1A and IB. In this 
embodiment, the sector set 312 is verified by writing 0's to the sectors and then verifying 
that the 0's were written by reading the sectors back. As shown in Figure 4A, this is 
generally referred to as 0 bit data verification. As mentioned above, 0 bit data 
verification is also used to verify the file system area 302 and the bitmap area 304. The 
optical disc 300 is verified using this process until it is determined that additional user 
data is available to be written to the optical disc 300. Once it is determined that 
additional user data is to be written to the optical disc 300, the method 100 as discussed 
with respect to Figures 1A and IB is used to verify sectors of the optical disc 300 in 
sector set 314. 

Figure 4B illustrates a verified optical disc 300 in accordance with one 
embodiment of the present invention. The optical disc 300 includes sector sets 316 and 
318. The sector set 316 was verified using the method 100 described with respect to 
Figures 1A and IB. The sector set 318 is verified using the method used to verify the 
sector set 312 as described with reference to Figure 4 A. In this example, it is assumed 
that there is no more user data available to verify the optical disc 300, and therefore, the 
method used to verify the file system area 302 is used to verify the remaining sectors of 
the optical disc 300. 

Figure 5A illustrates a method 200 for verifying sectors of the optical disc 300 in 
accordance with one embodiment of the present invention. In operation 202, an optical 
disc media verification for a file system and a bitmap area is performed. The bitmap area 
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is verified after the file system area is verified. For example, referring to Figure 2A, the 
file system area 302 and the bitmap area 304 are verified as previously described with 
respect to operation 102 in Figure 1 A. 

Referring back to Figure 5A, after the file system area 302 and the bitmap area 
304 are verified, the method moves to operation 204. In operation 204, the method 200 
processes user data files that are to be written to the optical disc 300. The method 200 
then generates a file system for the selected user data files that are to be written on the 
optical disc in operation 206. 

After the method 200 generates the file system for the user data files in operation 
206, the method 200 writes the file system to the optical disc at the file system area in 
operation 208. Referring back to the example, the method 200 writes the file system to 
the file system area 302 of the optical disc 300 in Figure 2A. Once the file system is 
written to the file system area 302, the method writes the user data to the optical disc 300 
in operation 210. In the example, the sector set 306a shown in Figure 2A is written to the 
optical disc 300 in operation 210 of the method 200. The sector set 306a includes 32 
sectors, 306a-0 through 306a-n. Also, in this example, an additional 3 sector sets (not 
shown) are written to the optical disc 300 as the sector set 306a is written to the optical 
disc 300 in operation 210. Since actual user data is written to the optical disc 300 during 
verification, the overall time to write user data to the optical disc 300 which is being used 
for the first time is greatly reduced since user data is written directly onto the optical disc 
for verification instead of 0's. 

Turning back to Figure 5A, after the set of sectors are written to the optical disc 
300 in operation 210, the method 200 performs an optical disc media verification in 
operation 212. The sectors are verified by reading the data contained in each sector on 
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the optical disc 300 and comparing the data read to what is stored on the system buffer of 
the host. Typically, an error on a sector such as the sector 306a-2 is due to a defect on the 
surface of the optical disc 300 which may have a number of causes, such as drive to 
media compatibility, a manufacturing defect or mishandling of the optical disc 300 prior 
to insertion into a drive of the host. After a sector is verified, the method 200 moves to 
operation 214. 

In Figure 5A, a bitmap for the optical disc 300 is updated in operation 214 of the 
method 200 after a sector of the optical disc 300 is verified in operation 212. As shown in 
Figure 3B, the bitmap 400 is updated regardless of whether or not errors were found in 
the particular sector represented by the bit. In one embodiment, each bit in the bitmap 
400 will track a single sector, and in another embodiment, each bit in the bitmap 400 will 
track a sector set of 32 sectors. For instance, when 16 sector sets of 32 sectors are 
written, a bitmap can include 16 bits to track all 512 sectors. 

After the bitmap is updated in operation 214, the method 200 moves to operation 
216 in Figure 5 A, where a determination is made if an error was detected for the verified 
sector. If an error is detected in operation, the method 200 writes the user data in the 
defective sector to a next available sector in operation 218. In the case where 16 sector 
sets of 32 sectors are written, the next available sector may be the sector after the 16 th 
sector set of 32 sectors. Turning back to the example and Figure 2B, the method 200 
detects an error in a sector in operation 216. Thus, the method 200 moves to operation 

218 in Figure 5 A and writes the sector to the next available sector. The file system is 
then updated to reflect the new location of the data on the optical disc 300 in operation 

219 of the method 200. 
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In Figure 5A, once the file system is updated in operation 219, the method 200 
determines in operation 220 if more sectors are to be verified. In operation 216, the 
method 200 determines that there is no error, and the method 200 goes to operation 220 
and repeats operations 212 through 216, operations 218 and 219 if necessary, and 
operation 220 for additional sectors. 

Now making reference to Figure 5B, when the method 200 determines that no 
further sectors are to be verified in operation 220, the method 200 moves to operation 
222. In operation 222, a determination is made if more data is to be written to the optical 
disc 300. If more data is to be written to the optical disc 300, the method 200 repeats the 
operations 210 through 222 for the additional data to be written to the optical disc 300. 

Referring to the example and Figure 2D, a determination is made in operation 222 
that more data is to be written to the optical disc 300. As such, the additional sector set 
306b which contains additional user data is written to the optical disc 300 in operation 
210 and the method repeats operations 210 through 222 for the sector set 306b and any 
remaining user data to be written to the optical disc 300. 

If no additional user data is present on the syst^fli buffer to be written to the 
optical disc 300, the method 200 moves to operatipi1 / 224. In operation 224, the method 
300 determines if additional space exists on^fie optical disc 300. If no additional space 
exists on the optical disc 300, the ojracal disc 300 is verified and the method 200 is 
complete. If it is detenxiinedxfnat additional space exists on the optical disc 300, the 
method 200 moves to^dperation 226. In operation 226, if a period passes where no 
additional user d#fa is written to the system buffer of the host, the method 200 proceeds 
to operatiop / z28. 
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In operation 228, the method 200 writes O's to the optical disc 300 in place of user 
data. In one embodiment, zeros are written to 512 non-verified sectors of the optical disc 
before the method 200 performs operation 230. After O's are written to non-verified 
sectors of the optical disc 300, the non-verified sectors are verified in operation 230. 
Making reference to the example and Figure 4A, the sector set 310 was verified with user 
data in operations 210 through 220 and the sector set 312 was verified using O's written 
in operations 228 and 230. After the verification process is complete, the method 200 
moves to operation 232, as shown with reference to Figure 5B. 

In the operation 232, the method 200 determines if there are more sectors to write 
for selected files. As previously mentioned, the selected files contain user data which are 
to be written to the optical disc 300. If there are more files to be written to the optical 
disc 300, the method 200 reverts back to the operation 210 and repeats the operations 210 
through 224 until the optical disc 300 is verified with the user data. If there are no 
additional files, the method 200 moves to operation 234 where the method 200 
determines if there is additional space on the optical disc 300. If there is more space on 
the optical disc 300, the method goes back to operation 226 and repeats the operations 
226 through 234 until there is no additional space on the optical disc 300. If the optical 
disc 300 contains no additional space, the method 200 deletes the bitmap 400 in Figure 
3A from the bitmap area in operation 236, which completes the verification process of the 
optical disc 300 and the method 200. 

Turning to the example and Figure 4 A, after the sector set 312 is written to the 
optical disc 300 in operation 228, the sector set 312 is verified in operation 230. The 
method 200 then proceeds to operation 232 where it is determined that more selected files 
are available on the system buffer to be written to the optical disc 300. Thus, operations 
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210 through 222 are repeated to write and verify the sector set 314. After the sector set 
314 is verified, the method 200 determines in operation 224 that no additional space 
exists on the optical disc 300. As such, the optical disc is verified and the method 200 is 
complete. 

The present invention now makes optical storage media a much more attractive 
option to end users. The present invention allows user data to be written to sectors of 
optical media that have not been verified. This method decreases the time it takes to 
write data to an optical disc when the optical disc is used for the first time. As stated in 
the background, in the past, 0's were initially written to every sector to verify the optical 
disc prior to writing data to the optical disc. The present invention avoids this time 
consuming procedure, thereby greatly decreasing the overall time it takes to verify an 
optical disc and write data to the optical disc. Thus, software is less likely to skip this 
procedure before writing data to an optical disc. 

In addition, the present invention uses a bitmap to track which sectors of an 
optical disc have been verified. Also, the presence or absence of a bitmap on the optical 
disc indicates the verification status of the optical disc. If an optical disc is removed from 
a disc drive prior to completion of the verification procedure, the bitmap keeps track of 
the last sector to be verified. As such, when the optical disc is used again, time will not 
be wasted in determining what was the last sector of the optical disc to be verified. When 
the optical disc completes the disc verification, the bitmap is deleted from the optical 
disc. Thus, the presence or absence of a bitmap on the optical disc indicates the 
verification status of the optical disc and avoids unnecessary steps to determine if an 
optical disc has been verified when the optical disc is reinserted into a drive at a later 
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time. Additionally, when the bitmap is deleted from the optical disc, the sectors occupied 
by the bitmap may be used for additional storage. 

The present invention also spares data written to defective sectors. The sparing 
operation moves data written to a defective sector to another sector which is not 
defective. Consequently, information written to defective sectors is not lost since it is 
moved to another sector and the file system does not have to keep track of which sectors 
are defective since data is not stored on the defective sectors. 

The invention may employ various computer-implemented operations involving 
data stored in computer systems. These operations are those requiring physical 
manipulation of physical quantities. Usually, though not necessarily, these quantities 
take the form of electrical or magnetic signals capable of being stored, transferred, 
combined, compared, and otherwise manipulated. Further, the manipulations performed 
are often referred to in terms, such as producing, identifying, determining, or comparing. 

Any of the operations described herein that form part of the invention are useful 
machine operations. The invention also relates to a device or an apparatus for performing 
these operations. The apparatus may be specially constructed for the required purposes, 
or it may be a general purpose computer selectively activated or configured by a 
computer program stored in the computer. In particular, various general purpose 
machines may be used with computer programs written in accordance with the teachings 
herein, or it may be more convenient to construct a more specialized apparatus to perform 
the required operations. 

The invention can also be embodied as computer readable code on a computer 
readable medium. The computer readable medium is any data storage device that can 
store data, which can thereafter be read by a computer system. Examples of the 
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computer readable medium include read-only memory, random-access memory, CD- 
ROMs, CD-Rs, CD-RWs, magnetic tapes, and other optical data storage devices. The 
computer readable medium can also be distributed over network coupled computer 
systems so that the computer readable code is stored and executed in a distributed 
fashion. Although the foregoing invention has been described in some detail for 

purposes of clarity of understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the appended claims. Accordingly, 
the present embodiments are to be considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, but may be modified within the 
scope and equivalents of the appended claims. 

What is claimed is: 
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